Abstract. The paper states the mathematical model of portfolio management that allows to create an effective portfolio of innovation projects. Within the framework of this model the robust approach to data analysis is applied and expanded for the tasks of regression analysis of project data. The approach of robust estimation of regression parameters based on the maximum likelihood method in case of arbitrary contamination is suggested. A number of heuristic algorithms for estimating regression parameters in the case of symmetric data contamination is reviewed and modified.
Introduction
There are many definitions of projects portfolio in the recent scientific literature. For instance, Turner and Müller [1] define a portfolio as an organization where projects are managed together to coordinate interfaces, prioritize resources between projects, and thereby reduce uncertainty. According to [2] a portfolio is a group or set of projects with varying characteristics. Artto et al. [3] define projects portfolio as a collection of projects that are carried out in the same business unit sharing the same strategic objectives and the same resource pool.
In this article we will consider innovation projects portfolio as a set of innovation projects that are grouped in order to increase management efficiency and to achieve the strategic goals of the organization. In a rapidly changing environment and high competition, efficient management of the projects portfolio is an important tool for the success of any company. Project portfolio management (PPM) involves activities aimed at achieving the strategic goals of the organization by forming, optimization, monitoring and control as well as management of any changes of the projects portfolio under certain restrictions [4, 5] . According to [6] PPM solves key problems of project oriented organizations: overcomes the gap between operating and project management and becomes a core of all organizational activities. Synergistic effect of a projects portfolio, in particular, is a simultaneous achievement of the best economic, financial, social and other final results. Synergies of a projects portfolio means the situation when obtained usefulness from the implementation of the projects portfolio exceeds the usefulness of each projects portfolio separately [6, 7] . Project portfolio management requires the processing of a large amount of information.
To make competent and effective decisions it's necessary to analyze carefully the available data, to study dependencies between factors that influence on the decision making. In situations of great uncertainty, in which projects are implemented in the modern world, processing methods of not enough robust data are necessary to provide sufficiently reliable conclusions. Within the robust estimation [8] that appeared in mathematical statistics in the 1960s and 1970s the ways and methods of obtaining robust estimates of statistical models parameters were identified. Over the last 50 years the scope of application of robust methods has been expanded.
Most of the modern works on this subject are devoted to the problems of multivariate statistical analysis and estimation of their parameters in case of the presence of gross errors in data or their contamination by extraneous data [8, 9] .
However, the problems of parameters estimation for regression dependences are the main interest for researchers [10] [11] [12] [13] . New approaches to robust procedures are also offered [14, 15] . Thus, the robustness concept begins to be interpreted more widely than by J. Tukey and P. Huber [8] .
Recently, due to the wide application of project management methods, robust methods have been applied in project risk management [16] [17] [18] . This paper shows the robust methods that can be effectively used in innovation project portfolio management.
The purpose of this paper is to develop the model that allows to form an optimal projects portfolio and to suggest robust methods that can be effectively used in innovation project portfolio management. This paper has the following structure. In Section 2 a model of innovation project portfolio management that allows to maximize the economic effect of the portfolio is shown. In Section 3 a robust approach to regression analysis of project data is suggested. Section 4 concludes the paper.
Formation of the innovation project portfolio management model
Formation of an innovation projects portfolio involves the setting priorities of projects within the organization and optimization of the projects components in the portfolio to ensure the best compliance of the portfolio with the strategic goals of the company. To that end, such methods are used that allow to set the priorities of the projects taking into account defined criteria in the organization, given the limited budget and resources [5] .
The effective innovation projects portfolio means a set of projects that delivers the maximum gains within the existing resource constraints. To solve the problem of the effective innovation projects portfolio formation it is necessary to develop a mathematical model that can be applied to projects of all kinds, types and scope.
Denote needs of the projects in different types of resources by matrix R. Problem of the optimal portfolio formation is solved under the constraints on the resources: financial, material, labor and other.
Let the number of resources is equal to m and the number of i-type resources is denoted 
where R ij is a need in j resource of i-type project.
Define some integral indicator of the effectiveness of the i-type project E i and consider the vector of efficiency of a portfolio
Let us introduce into consideration an integer binary variable Z i :
0, if i-type project is not included into portfolio; 1, if i-type project is included into portfolio.
In this case, the selection of projects in the portfolio can be hold by solving the resource allocation problems for boolean variables (the so-called problems of integer linear programming). Our goal is to select the combination of projects, on the one hand that they fit within the resource capabilities and on the other hand that they maximize the outcome received by an enterprise.
Mathematical model enabling to form an effective portfolio will be as follows:
In vector-matrix form it looks as ( , ) max,
where Z is an integer vector, Using this model, we obtain values Z i for . , 1, .. i n  that allows on their basis to form the optimal projects portfolio for maximum E economic effect.
To solve the problem of forming the optimal project portfolio the known methods for solving problems of integer linear programming can be applied and they are illustrated in the following approaches. 1 st approach. The most natural way is to try to use the traditional methods of linear programming, such as simplex method, just modifying them a bit. So, it is possible to solve the problem of not paying attention to the requirement of integrality of the variables, and then round the coordinates of the obtained solution to the integer numbers. However, it's possible to give some simple examples of such approach failure, when the solutions are actually far from optimal. 2 rd approach. It is based on the effective exhaustive search methods. Their number, of course, is too large, therefore their all exhaustive search is practically impossible or very time and labour-intensive. Effective exhaustive search methods are to review only the most promising options and to represent a rapidly converging iterative procedure.
The problem is to work out modalities for the clipping of the inherently unpromising solutions based on the resource constraints. Here, it seems the most appropriate to apply the Branch and Bound method that consists in the determined exhaustive search of the solution tree branches. This method is often used in solving optimization problems in operations research and allows to obtain the exact solution of the problem for a finite number of steps.
Thus, in one variant of the method, variables are added one by one with a test of their resource endowment and all the sets are rejected for which these conditions stop to implement. The value of the objective function is defined for each possible branch and then it is compared with a maximum reached value.
Uncertain situation in which projects are implemented gives rise to numerous and varied risks. Therefore, the analysis and assessment of risk are very important for the formation of the projects portfolio and, finally, the risk largely defines the projects portfolio efficiency. For the formation of the efficiency criteria it's necessary to take into account both external risks arising from the environment of the enterprise and internal one accompanying a project activity.
Solving problems of innovation projects portfolio formation it is necessary to quantify the key indicators of projects risk. Any experienced specialist can calculate losses on the occurrence of a risk event, whereas the probability of occurrence of a risk event requires the use of special methods based on the proper use of available project information. As a rule, it is either real data of considering similar projects or their probable models.
The unreliability of data and inadequate models in situations of uncertainty are the sources of risk decision-making for managing projects.
For reliable estimates of risk events probabilities, the authors suggest the use the socalled robust methods described in Section 3.
Robust approach to regression analysis of project data
Classical methods of estimating parameters in mathematical statistics are based on the precise knowledge of the model distributions of random variables. The basic estimation method -maximum likelihood method defines the best estimate for each probability distribution. However, a significant disadvantage of this method is that the obtained estimates are sensitive to possible deviations from the assumed model distribution [17] .
In practice, the observed distributions match the theoretical models only approximately and classical evaluations in this situation quickly lose their optimal features. This raises the problem of finding the estimates, may be not the most optimal, but resistant to such deviations. These estimates are robust estimates. The stability of statistical estimates in conditions of contaminated information is relevant enough in the processing of data for managing projects. While processing data for the purpose of managerial decision-making is often required to establish links between the results of decision-making and a variety of reasons that influence on the results. This problem relates to the field of robust regression analysis.
The dependence between some indicators , ..., 1 z z n and linked with them by another x indicator in most cases can be expressed in the form of a linear regression equation
The estimates of the parameters , . 
i.e. in choosing such , ..., 1 n   that N observed sets ( , , ..., ) 1 x z z n provide the least deviation in terms of (4). Solution of the problem (4) is equivalent to solving a set n of linear equations
Even Tukey [8] suggested that a possible method of obtaining estimates, that are resistant to gross errors, is to replace the quadratic functions in (4) to another, less sensitivity to large fluctuations . For such a case Huber [8] suggested to use developed by him a common approach for the estimation of the location parameter to obtain sustainable estimates , ..., 1 n   and instead of (4) to solve the problem. 
where ( ) '( ). f u F u  Let's focus on the methods that use the idea of exclusion or modification of certain observations. In fact, they are the result of the transfer in case of a problem of regression estimates of truncated mean and Winsor's mean type. These methods are iterative. At each iteration, exclusion or modification of part of the observations occurs and based on the modified observations estimates of the regression parameters are found using the least squares method.
